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LITHOGRAPHY SYSTEM 



Background 

Lithography systems^ including ion, laser, EUV and elec- 
tron beam systems, all require means to process and de- 
5 liver a pattern to some kind of writing means. A well 

known way to accomplish this is by using a mask, and pro- 
jecting thie mask onto a substrate- As the resolution be- 
comes smaller and smaller, these masks have become more 
difficult to produce. Furthermore, the (optical) means for 
10 projecting these masks have become very complex. 

A way of to overcome this problem is by using maskless 
1 ithography , 

15 Maskless lithography systems can be divided in two 

classes. In the first class the pattern data are sent to- 
wards the individual radiation source or sources. By tun- 
ing the intensity of the sources at the right times, a 
pattern can be generated on the substrate, which is most 

20 often a wafer or a mask. The switching of sources may get 
problematic when the switching speed increases, for in- 
stance due to a settling time of a eourae, which can be 
too long- 

25 The second class of maskless lithography systems on the 

other hand comprises either continuous sources or sources 
operating at constant frequency. The pattern data are now 
sent towards modulation means, which completely or partly 



stop the emitted beams from reaching the target exposure 
surface when necessary. By controlling these modulation 
means while moving over Che target exposure surface, a 
pattern is written. The modulation means are less critical 
for settling times, a lot of masklese lithography systems 
designed to achieve a higher throughput are therefore us- 
ing modulation means. 



In US-5-834.783, US-5.905.267 and US-5 . 981 . 954 . for in- 
stance, a maeklees electron beam lithography system with 
one electron source is disclosed. The emitted electron 
beam is expanded, collimated and additionally split by an 
aperture array into a plurality of beamlets. A blanker 
array fed with pattern data stops the individual beamlets 
when a control signal is given. The obtained image is then 
reduced by a reduction electron optical system and pro- 
jected on a wafer. 



In US-Al-20010028042, US-Al-30010028043 , US-Al- 
20010028044, WO-Al-02/054465, WO-Al-02/058118 and WO-Al- 
02/0581X9, a masklees electron beam lithography system 
using a plurality of electron sources is disclosed. The 
emitted electron beamlets pass a blanker array, which de- 
flects the individual electron beamlets when the appropri- 
ate control signal is given. The electron beams are shaped 
by a shaping array, and focused on a wafer. 

In WO-01/18606 and US-6.28S.48B an optical lithography 
system is disclosed which uses a spatial light modulator 
(SLM) to modulate a light beam, a light source emits light 
pulses directed towards the SLM. The Sm comprises an ar- 
ray of deformable mirrors, which reflect the emitted beam 
towards a substrate or towards a beam stop structure de- 
pending on a control signal sent to the mirror involved. 



The current invention is based on the following insight 
and understanding of the fundamentals of lithography. 
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A mask is a highly efficient way to store a pattern, the 
amount of raw data to describe a pattern is enormous. 
Moreover, for a commercially acceptable throughput/ the 
5 data must be transported towards the writing means at a 
very high data rate. Additionally the high data rate must 
be Obtained within limited space. It was up to now not 

recognized that improvement of the data path in maskless 
lithography eyeteme has a profound effect on the through- 
10 put of these systems. 

The information on a mask is normally used to transfer a 
pattern from the mask on a certain area on the target ex- 
posure surface- This area is called a die- To get an idea 

15 of the amount of data that has to be transferred, imagine 
a die of 32 mm by 26 rnm. now consider that somebody wants 
to write a pattern with a critical dimension (CD) of 45 
nm. Then there are 4.1*10^^ co-elements on a die. If each 
CD element consists of at least 30*30 pixels to satisfy 

20 the requirements, and if there is only one bit needed to 
represent the intensity of said pixels the information 
present on a mask is represented by about 3.7*10^* bits. 
Say a commercially acceptable throughput for a maskless 
lithography system is about 10 wafers /hr- If there are 60 

2S dies on a wafer, 60 times 3,7*10" bits have to be trans- 
ported towards the modulation means per wafer. So 600 
times 3. 7*10^* bits have to be transported towards the 
modulation means in 3600 seconds to get the desired 
throughput, This corresponds to a data transfer rate of 

30 about 60 Tbit/s! 

In all mentioned systems the control signals are sent 
electronically towards the modulation means- However, the 
bandwidth of a metal wire is limited- The limit on the 
35 bandwidth of an electrical interconnect is related to the 
maximum total capacity of an electrical interconnect Btn^, 
to the overall cross -section A and the length of the elec- 



trical incerconnect L in the following way: 

Bjnax ^ Bo * (A/L^) 

The constant of proportionallny Bo is related to the resie- 
tivity of copper interconnects. For typical multichip mod- 
ule (MCM) technologies Bq is about lO" bit/s. For on-chip 
lines its value is about lo" bit/s. The values arc almost 
independent on the particular fabrication technology. 

The limit on the bandwidth of the electrical interconnect 
is furthermore independent of its configuration. Whether 
the interconnect is made up of many slow wires or a few 
fast wires up to the point where other effect start to 
limit the performance makes no difference . 

The desired total capacity of the electrical interconnect 
is 100*10" = 10" bit/s. This corresponds to a ratio of the 
overall cross -section to the square of the length of the 
electrical interconnect of 10'^ in the case of a MCM and 
10"^ in the case of an on-chip connection. So if L is 1 ra. , 
the overall cross-section of the copper that is needed Is 
0.01-0.1 m^! Compare that number with the size of a die 
that is written, which is 0,0008 m% and it is evidently 
impossible to establish the data transfer without a demag- 
nification of at least 10 after the pattern information is 
added to the light beam» 

Another approach to visualize the problem is to use the 
typical speed of an electrical interconnect, which is in 
the order of 1 Gbit/s. So to transfer 100 Tbit/s, 100.000 
copper wires are needed! This takes an enormous amount of 
space and is difficult to handle. 



SuBimary of the Invention 
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An objective of the current invention is to improve the 
systems described above. 

A further objective of the current invention is to in* 
5 crease the throughput of a maskless lithography system. 

A further objective of the current invention is to reduce 
the sensitivity of the lithography system with respect to 
all Kinds of (electromagnetic) disturbances. 

10 

A further objective of the current invention is to reduce 
the space needed for transferring pattern data into the 
lithography system* 

15 A further objective of the current invention is to in- 
crease design flexibility of the system. 

The invention therefor provides a maskless lithography 
system for transferring a pattern onto a surface of a tar- 
2 0 get , compri s Ing : 

• at least one beam generator for generating a plural- 
ity of beamlcts; 

• a modulation means comprising a plurality of modula- 
tors for modulating the magnitude of a beamlet and 

25 •a control unit for controlling each modulator, 

wherein the control unit generates and delivers pattern 
data to said modulation means for controlling the magni- 
tude of each individual beamlet, the control unit compris- 
ing: 

30 - at least one data storage for storing the pattern 

data,- 

at least one readout unit to read out the pattern 
data from the data storage ; 

at least one data converter for converting the pat- 
35 tern data read out from the data storage into at 

least one modulated light beam; 



I 
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- at leaat one optical cransmltter for transmitting 
said at least one modulated light beam to said 
modulation means. 

5 Using optical data rraneportation in a lithography system 
makes it possible co create a maskleaa lithography syscem 
based on known technology, but having an increased though- 
puc. Furtrhermore, it is possible to reduce the area 
needed. Furthermore, optical transmission offers addi- 
10 tional freedom for designing the layout of Che lithography 
system. 

The radiation source that can be used in the beam genera- 
tor can emit any kind of radiation like electrons, posi- 

15 trons, x-rays, photons or ions. The source is either a 
continuous source or a source that Is pulsed with a con- 
tinuous frequency- The source therefore does not generate 
any information. However, the purpose of a lithography 
system is to pattern a certain target exposure surface. 

20 Since the source does not provide any pattern data or pat- 
tern Information, the pattern information has to be added 
to the beamlets somewhere along their trajectory by modu- 
lation means. It should in this invention be realized that 
the pattern information is transported using an optical 

25 system- The pattern information is used to control modula- 
tion meana which modulates beamlets wnich actually write 
the pattern into a resist or in another way transfer the 
pattern onto a sample / for instance a semiconductor wafer. 
In the system, the nature of the pattern writing beamlets 

30 depends on the nature of the source. In fact; the modu- 
lated light beam is a pattern information carrying light 
beam, and the beamlets are pattern writing beamlets. 

In an embodiment, the beam generator has only one source, 
35 and the lithography system has only one beam generator. In 
this way, it is easier to control the inter beamlet homo- 
geneity of the system. 
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The modulation means can operate in different ways and be 
based on various physical principles, depending on the 
nature o£ the beamlets used for writing the pattern. It 
may generate a signal which results in the activation of 
5 some blocking mechanism which stops the beamlet, for in- 
stance a mechanical shutter or a crystal becoming opaque 
due CO eleccro-acoustic stimulation. Another possibility 
is chac no have the modulation means selectively generate 
a signal, which result© in the activation of some sort of 

10 deflector element, like an electrostatic deflector or a 

mirror. This results in a deflection of the selected irra- 
diated beamlet. The deflected beam is then projected on a 
blanker element* for instance a beam absorbing plate pro- 
vided with apertures^ aligned with the deflectors of mir- 

15 rors. In both cases a commercially satisfactory throughput 
can only be acquired when the beamlet modulation is done 
very fast, preferably with a frequency of 100 MHs or more- 

In maskless lithography systems the pattern information or 

20 pattern data is represented by computer data, generally 
digital computer data. The pattern data is partially or 
completely stored in the data storage of the control unit. 
The control unit therefore cottiprises a data storage me- 
dium, e,g. RAM, hard disks or optical disk_ This data is 

35 stored in a format that can be used to control the modula- 
tion means in such a way that a predetermined pattern can 
be repetitively generated. Furthermore, the control unit 
comprises means to read out the data at a high data rate- 
To establish the high data rate the control unit comprises 

30 an element that converts the data into at least one pat- 
tern data carrying light beam. In an embodiment, this data 
converter a vertical cavity surface emitting laser (VCSBL) 
diode. If a bit is one, a light signal is emitted while no 
light is sent out if the value of the bit equals zero. By 

35 reading out a sequence of bits, a pattern information car- 
rying light beam is created, The pattern information car- 
rying light beams are then transported towards the modula- 
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tion means- There are several possible carriers that can 
realize the data transfer- In an embodiment, parallel data 
storage means are used which are read out almost simulta- 
neously in order to obtain the data rate required. 

In an embodiment the transfer from the converter element 
in the control unit a region close to the modulation means 
achieved using optical fibers for the data transport. This 
allows flexible data transport with minimal disturbance by- 
elect romagnetic fields and other means, Purthermorei at 
allows the control unit to be located remote from the rest 
of the lithography system/ for instance between 2-200 me- 
ters away from the rest of the system. 

Currently, optical fibers that are used in telecom and 
Ethernet applications are optimized for specific wave- 
lengths, predominantly 850, 1300 and 1500 nm. The 850 nm 
optimisation is established due to the good availability 
of the standard InGaAs/GaAs laser diodes* The infrared 
wavelengths are used because of the low fiber transmission 
losses, typically smaller than 0.4 dB/km, Future develop- 
ments aim for wavelengths of GSO and 780 nm. The lower 
wavelengths are preferred for the present invention be- 
cause of fewer diffraction related limitations at these 
wavelengths. However, in some configurations larger wave- 
lengths are desired. The wavelengths that can be used in 
the present invention range from about 200 to 1700 nm. 
Current developments furthermore make it possible to 
transfer multiple signals through one channel- For this 
purposes either multi-wavelength or multi mode optical 
fibers are developed, and multiplexing/demultiplexing 
techniques are used. Preferably, for the wavelength of the 
modulated light beams is selected in an area which inter- 
feres as little as possible with the beamlets and with the 
rest of the system. This allows the optical transmitter to 
be designed almost independently from the rest of the li- 
thography system. 
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In an embodiment of the invention, ach modulator o£ the 
modulation means comprises a light sensitive element for 
converting said at: least one modulated light beam coming 
from said control unit into a signal for actuating said 
modulator. In this way, the optical transmitter can be 
kept small. The transfer rates can be very high, and the 
modulator can for instance be made using lithographic 
technologies. In a further embodiment thereof, said opti- 
cal transmitter comprise at least one optical fiber having 
a modulation means end and a control unit end, for trans- 
mitting said at least one modulated light beam from said 
control unit to said modulation means* 

In an embodiment, the lithography system comprises at 
least one projector for projecting said at least one modu- 
lated light beam on said modulation means. In this way, it 
offers an even greater freedom of design- Furthermore, 
interference can be reduced. 

In an embodiment with optical fibers, said at least one 
optical fiber at its modulation means end is coupled to 
one or more optical fiber arrays. In a further embodiment 
thereof, substantially each optical fiber from said one or 
more optical fiber arrays is coupled to one of said light 
sensitive converter elements. 

In an alternative embodiment, said at least one optical 
fiber at its modulation means end is coupled to one or 
more optical waveguides, and said optical waveguides being 
coupled to the light sensitive elements. 

In an embodiment of the maslcless lithography system de- 
scribed above, said optical transmitter comprises at least 
one multiplexer at its control unit end and at least one 
demultiplexer at its modulation means end. 
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In anocher embodiment of the masklees lithography Bysrem 
described above, the system has an optical path parallel 
to which said plurality of beamlets are traveling, wherein 
said optical transmitter is furthermore provided with op- 
tical coupler for coupling said at lease one modulated 
light beam into said optical path. 

In embodiment described above, the data converter and the 
optical transmitter is adapted for generating at least one 
modulated light beam having at least one wavelength be- 
tween 200 and 1700 nm. This wavelength was found to inter- 
fer as little as possible with the rest of the system. 
Furthermore, it allows use of many of-the-ehelf components 
used in optical telecommunication applications. 

In a further embodiment of the invention, each light sen- 
sitive element is provided with a selection filter which 
is transparent for a predetermined wavelength range, or a 
selection filter for transmitting light having a predeter- 
mined direction of polarization, or a prism which limits 
the sensitivity of said lighc sensitive element to light 
entering said prism from a predetermined direction, or a 
grating which limits the sensitivity of said light sensi- 
tive element to light entering said grating from a prede- 
termined direction. In this way, x-talk can be reduced. 

in a further embodiment of the maskless lithography system 
comprising optical fibers, said light sensitive element 
comprises a photodiode, in an embodiment a MSM-photodiode, 
a PIN-photodiode or an avalanche photodiode. 

In an embodiment of the maskless lithography system with 
an optical fiber array, the modulator comprises an elec- 
trostatic deflector. Especially when the beam is a charged 
particle beam, theis allows easy modulation, using parts 
which are well known in other fields of technology. 
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In an embodiment of the masklesa lithography system ac- 
cording to the present invention, the data converter coi 
prises a laser diode. 



In an embodiment, the optical transmitter comprises at 
least one optical fiber having a modulation means end and 
a control unit end, for transmitting said at least one 
modulated light beam from said control unit to said modu- 
lation means, and at least one projector for projecting 
said modulation means ©nd of said optical fiber or optical 
fibers on said modulation mean. In this way, a flexible 
design of the system is possible, both in lay-out and in 
choice of components. 

In an embodiment, each modulator of the modulation means 
comprises a light sensitive element for converting said at 
least one modulated light beam coming from said control 
unit into a signal for actuating said modulator, and said 
modulation means has a beam generating means side and a 
target side. 



In an embodiment, each of said modulators coinpriea at 
least one electrostatic deflector, an aperture between 
said at least one electrostatic deflector and said target 
side, said electrostatic deflectors of said modulators 
ciefining an electrostatic deflector array and said aper- 
tures of said modulators defining an aperture array. 

In a further embodiment, each electrostatic deflector is 
operationally coupled to a light sensitive element. 

In this embodiment, said optical transmitter comprises at 
least one beam splitter for splitting said at least one 
modulated light beam into a plurality of modulated light 
beams. 



a further embodiment, the optical transmitter comprises 
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projeotore for projecting said plurality oE modulated 
light beams on said light sensitive elements. 

In this enOjodiment , said projector are adapted for pro- 
jecting at an angle becween 0 and 68 degrees relative to a 
plane perpendicular co said electrostatic deflector array. 
In this embodlmenc. in a further erabodiinent , the projector 
comprises at least one lens for projecting the plurality 
of modulated light beams on said electrostatic deflector 
aperture array. 

In an embodiment, the projector comprise a first demagni- 
fier with a reduction optical system for demagnifying the 
plurality of modulated light beams and a projection opti- 
cal system for projecting the deraagnified plurality of 
modulated light beams on said electrostatic deflector ap- 
erture array. In an embodiment thereof, said reduction 
optical system comprises a micro lens array, each micro 
lens of said micro lens array being aligned with one of 
said plurality of modulated light beams and adapted for 
reducing the size of said one of said modulated light 
beams. In a further embodiment thereof, said projection 
optical system further comprises a mirror. Cor reflecting 
the plurality of modulated, demagnified light beams coming 
from the reduction optical system in the direction of said 
lens of the projection optical system. 

In an embodiment of the electron beam maskless lithography 
eystem described above, the area on the modulation means 
not covered by the light sensitive elements is provided 
with a reflective layer. 

In an embodiment of the electron beam maskless lithography 
system described above, a diffusive layer is provided on 
the surface of the modulation means facing the incoming 
plurality of modulated light beams. 
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in an etnbodimenc , said optical transmitter further com- 
prises an optical waveguide for coupling each of the plu- 
rality of raodulatecl light beams substantially parallel to 
the electrostatic deflector aperture array plane towards 
its corresponding light sensinive element. In a further 
embodiment thereof, the optical cranamission means further 
coirorises an optical micro lens array provided with a plu- 
rality of micro lenses, each micro lens being aligned with 
one of said plurality of modulated light beams for cou- 
pling its modulated light beam into a corresponding opti- 
cal waveguide - 

In an embodiment. Che optical transmitter comprises a plu- 
rality of optical fibers, the data converter means com- 
prising means for coupling said at least one modulated 
light beam in said plurality of optical fibers, said plu- 
rality of optical fibers being grouped to form at least 
one fiber ribbon, said at least one fiber ribbon being 
attached at one of the sides of said electrostatic deflec- 
tion array, and the light sensitive elements being adapted 
for electrically activating their corresponding electro- 
static deflector via electrical interconnects. 

In another embodiment, the maskless lithography system, 
the generating means comprise light beam generating means. 
In an embodiment thereof, the light generating means are 
adapted for generating a light beam having a wavelength 
smaller than 300 nm. In a further embodiment thereof, the 
modulation means comprises a spatial light modulator, in a 
further embodiment thereof, the spatial light modulator 
comprises a deformable mirror device, comprising an array 
of micro-mirrors. In yet a further embodiment thereof, 
each micro-mirror comprises a light sensitive element 
mounted on its backside coupled to said optical transmis- 
sion means for receiving a modulated light beam. 

The invention further relates to a process wherein a masic- 
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less lithography system is used described above. 

The invention further relates to a method for transferring 
a pattern onto the surface of a target using a lithography 
system comprising beam generator for generating a plurality 
of beamlets and modulation means for individually control - 
lably modulating substantially each bearalet, said method 
comprising s 

- retrieving pattern data from data storage; 

- transforming said pattern data into at last one modulated 
light beam; 

- optically coupling said at least one modulated light beam 
to said modulation means . 

In an embodiment of this method the modulation means com- 
prise an array of modulators, each provided with light sen- 
sitive elements, and method further eotrprises: 
-directing said at least one modulated light beam onto said 
modulators ; 

-coupling each of said modulated light beams to one light 
sensitive element. 



Drawings 

The invention will be further elucidated in the 
following embodiments of a masicless lithography system ac- 
cording to the current invention, in which: 

Figure lA, IB a an operation scheme of part of 
the ayotem of the invention, 

figure 2A, 2B, 2C free space optical coupling, 

figure 3A, 3B illumination schemes of a modula- 
tion means, 

figure 4 projection of optical fiber array on 
modulation array; 

figure 5A, SB projection systems for projecting a 
pattern information carrying light beam on modulation 
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tneana « 

figure 6A-6D illuminating schemes for the light 
sensitive elements, 

figure 7 coupling of pattern information carrying 
5 light beams to light sensitive elements, 
figure 8 top- view of figure 7, 

figure 9 optical coupling using optical fiber 

ribbons / 

figure XO modulation means for an electron beam 
10 lithography system^ 

figure 11 free space coupling o£ pattern informa- 
tion carrying light beams to modulation means, 

figure 12 illumination scheme of a modulation 

means, 

15 figure 13 maskless optical lithography system, 

figure 14 projection of fiber ends on modulation 

means 

Detailed description o£ the Invention 

20 

Since the modulation means are fed with an optical eignal, 
they each comprise a light sensitive clement, preferably a 
photodiode. The basic operation of the modulation means is 
schematically shown in FIG lA- Figure la schematically 
25 shows the basic operational steps performed by the modula- 
tion means, Bach modulation means is provided with a light 
sensitive element, preferably a photodlode, to be able to 
receive an optical signal. 

3 0 If the light sensitive element receives light, a signal is 
generated and sent to modulator. As a result the passing 
beamlet will be modulated and not reach the target eaq>o- 
sure surface • If there is no light, there is no signal 
transferred to the modulator. The beamlet passes undis- 

35 turbed, and finally reaches the target exposure surface. 
By moving the target exposure surface and the rest of the 
lithography system relative to each other while sending 
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pattern information towards the modulation meane, a pat- 
tern can be written. 

It is of course also possible to operate the whole syscem 
in Che opposite way as shown in FIG IB. in this case light 
falling on the lighc sensitive element results in the can- 
cellation o£ the signal sent towards the modulation means. 
The passing beamlet will reach the target exposure surface 
without any modulation. However, when the light sensitive 
element does not receive light, a signal is sent towards 
the modulation meang, which prevents the passing beamlet 
from reaching the target exposure surface - 

The attachment o£ the optical fibers to the modulation 
means can give serious cotuplications- In an embodiment of 
the present invention, the last part o£ the data trajec- 
tory therefore uses a different transfer medium. In the 
latter case the fibers terminate closely packed thus form- 
ing an optical fiber array. The emitted pattern informa- 
tion carrying light beams are then sent towards other op- 
tical carriers. When the modulation means are located in a 
vacuum, it might be preferable to keep the optical fibers 
outside the vacuum. In this case the emitted light beams 
can for instance couple into the lithography system via a 
transparent part of the vacuum boundary. 

In most cases it is not practical to bring the pattern 
information carrying light beams all the way to the light 
sensitive elements through optical fibers* in that case 
other optical carriers can continue the data transfer - 
Preferably the optical fibers are bonded together to form 
an optical fiber array. The pattern information carrying 
light beams then travel towards the light sensitive ele- 
ments in a different way. One possible way of data trans- 
fer is to send the light emitted from the fibers towards 
the light sensitive elements of the modulation means 
through the same environment as wherein the irradiated 
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beamlete are traveling. In this way free space optical 
interconnects are created. Another possible transport me- 
dium is an optical wave-guide / which is located in the 
structure of the modulation means. 

5 

In the case of an optical wave-guide or an opcical fiber, 
multiple wavelengths can be transported through the chan- 
nels as is commonly done in telecommunication applica- 
tions. The space occupied by the transfer medium then re- 
10 duces significantly, because several pattern information 
carrying light beams share the same channel , The conver- 
sion towards a signal that can be used by the modulators 
can be made with an opto -electronic receiver/ like a DWDM 
mult i -wavelength receiver- 

15 

The light sensitive element can be any element known in 
the art that converts an incoming light signal into any 
other kind of signal, like an electric or an acoustic sig- 
nal. Examples of such converters are photo cathodes, pho- 

20 totransistors, photo resistances and photodiodes. In order 
to meet the high data rate requirements, the light sensi- 
tive element should have a low capacitance, enabling it to 
operate at a high frequency- Moreover the element is pref- 
erably easy to integrate in the modulation means. There 

25 are photodiodes that meet the demands mentioned above. The 
preferred embodiment uses an MSM-photodiode • The main ad- 
vantage of this photodiode is its low capacitance. It is 
therefore able to operate at a high frequency- Moreover, 
the fabrication of a MSM-photodiode is relatively easy. 

30 Another good option would be the use of a PIN-photodiode . 
This element also has a low capacitance, but it is some- 
what more difficult to integrate this component in an ar- 
ray. Another very useful option is an avalanche photodi- 
ode- 

35 

As mentioned earlier, the data rate and thus the required 
modulation frequency are very large. In order to be able 
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tc modulate at this rate, suitable switching circuitry xs 
inportant- Besides the three optical carriers, which will 
be discussed below, other related means to transfer modu- 
lated light beams are embodied by the present invention- 



TRANSPER OPTIONS 



Free spaee optical interconneccs 

When the pattern information carrying light beams are pro- 
jected on the corresponding light sensitive elements 
through the same medium as wherein the irradiated beamlets 
are traveling, several complications arise. It is often 
not possible to project the pattern information carrying 
light beams on the light sensitive elements perpendicular 
to the plane wherein the light sensitive element is lo- 
cated. This can for instance be the case when the irradi- 
ated beamlets are already projected perpendicular to said 
plane. The interference between the beamlet and the pat- 
tern information carrying light beam might have an influ- 
ence on the pattern, which results in an incorrect data 
transfer from control unit towards target exposure sur- 
face. To avoid this problem the pattern information carry- 
ing light beams reach the light sensitive surface of the 
light sensitive element, say a photodiode, at a certain 
angle. However, when this angle of incidence a increases, 
the spot size of the pattern information carrying light 
beams on the light sensitive surface of the photodiode 
increases as well . m order to address each photodiode 
individually, the spot size of the pattern information 
carrying light beams should be less than the light sensi- 
tive surface area o£ the photodiode. The angle of inci- 
dence Of should therefore be as small as possible. However, 
this is not always possible due to obstacles as shown in 
FIG 2A. 



With a smart choice of the location of both fiber array 2 
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and obstacle some of the problems may be avoided. How- 
ever, this is not always possible. The present invention 
includes ways to reduce the angle of incidence a without 
removal or replacement of the obstacle l. A first option 
5 is to make the obstacle 1 transparent for the pattern in- 
formation carrying light beams. If the barrier is for in- 
stance an electrostatic lens array, it can for instance be 
made of some kind of conductive glass or polymer. Alterna- 
tively/ the wavelength of the pattern information carrying 

10 light beams can be chosen in such a way that the obstacle 
1 becomes transparent for these beams » Silicon, for in- 
stance, becomes transparent for wavelengths larger than 
1100 nm- So when a standard fiber wavelength of 1500 nm is 
used, the emitted beams will pass the silicon barrier 

IS without noticing its existence. 

Another possibility to reduce the angle of incidence a 
without removing the obstacle i is to use more optical 
fiber arrays 2. In FIG 2A a situation is sketched wherein 

20 the pattern information carrying light beams leaving the 
fiber array 2 are projected on a plate 3 covered with 
modulators. The emitted beams cover the total plate 3- if 
in this configuration the projected spot size is too 
large, the angle of incidence can be reduced by moving the 

25 fiber array 2 away from the modulation means plate 3 per- 
pendicular to the plane wherein the photodiodes are depos- 
ited as is shown in FIG 2B- As a result the critical angle 
of incidence is reduced- Now the spot size may be lim- 
ited within the requirements. However, only half of the 

30 plate 3 is illuminated. By using a second fiber array 2 at 
the same height at the opposite side of the modulation 
plate 3 as shown in PIG 2C, the entire plate 3 is illumi- 
nated and the spot size is small enough. Both optical fi- 
ber arrays 2 comprise half the amount of fibers conpared 

35 to the original one- By selecting the right amount of op- 
tical fiber arrays 2, a plate provided with an array of 
light oeneitive elements can be illuminated with the de- 
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sired angle of incidence «!• 

PIG 3A and 3B show a top view of a squared and a rectaxigu- 
lar modulation plate 3 • The dotted lines bound the area 
5 illuminated by one fiber array. As already explained ear- 
lier, one fiber array may not be enough, in that case for 
instance 2,4 or 6 optical fiber arrays 2 can be used to 
illuminate the entire plate wichin the requirements- 

10 Furthermore it is possible to couple the pattern informa- 
tion carrying light beams into the system via some reflec- 
tions. The obstacle 1 can for instance be coated with a 
reflective material. Moreover additional mirrors can be 
placed on strategic positions in the system to create the 

15 desired angle of incidence. 

The pattern information carrying light beam has a diameter 
of about 50*150 im when when a multi mode optical fiber is 
used. A single mode fiber, on the other hand, only has a 
20 diameter of about 1-10 /zm. The light sensitive surface of 
a phot odi ode can be in the order of 10-30 microns squared. 

In an embodiment, multi mode optical fibers are used, so 
the diameter of the pattern information carrying light 
25 beams leaving the optical fiber array needs to be redueed- 
Furthermore some kind of focusing has to be arranged to 
realize projection with the correct resolution. 

An optical assembly may be needed to perform both reduc 
30 tion and focusing of the pattern information carrying 
light beams. There are several properties of the light 
beams that can easily be modified: The diameter of the 
light beams leaving the optical fiber array 2 can be de- 
magnified, and/or the distance between two adjacent light 
35 beams, the so-called pitch, can be reduced by optical 
means . 
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Focusing light beams leaving the optical fiber array 2 on 
the modulation plate 3 can most easily be achieved when 
both optical fiber array 2 and modulation array 3 are ly- 
ing parallel zo each other, if the two planes are not par- 
5 allel Che spot size of each individual light beam on the 
modulation array 3 win vary. The projection of the fiber 
array 2 on the modulation plate 3 is done with a lens 5. 
Often the light beams are projected on the modulation 
plate 3 with an angle of incidence unequal to zero. The 
10 optical fibers 4 in the optical fiber array 2 may then be 
arranged in such a way that the light beam leaving the 
optical fiber is directed towards the lens as is shown in 
FIG 4* In this way a sufficient illumination of the lens 5 
is ensured. 

15 

When the lens 5 is located exactly in the middle between 
the optical fiber array 2 and modulation plate 3/ Isl pro- 
jection takes place. Moving the lens towards the modula- 
tion plate 3 reduces both diameter and pitch of the pat- 
20 tern information carrying light beams • Moving the lens 5 
in the other direction^ i.e. in the direction of the opti- 
cal fiber array 2, will result in an increase of both pa- 
rameters. 

25 ror an optimum performance regarding both reduction and 
projection more lenses may be needed- A possible configu- 
ration with two lenses $ and 7 is shown in PIG 5A. The 
entire image and thereby the diameter of each individual 
pattern information carrying light beam 8 leaving the op- 

30 tical fiber array 2 is reduced^ In an embodiment with ob- 
stacles, mirrors can be used to project the light beams on 
the light sensitive elements. 

In some cases the beam diameter needs to be reduced more 
35 than the pitch between the adjacent light beams. In fig. 
SB, an alternative embodiment is shown. In this embodi- 
ment, a micro lens array 9 positioned between the optical 
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fiber array 2 and a projection lens 7 oan arrange this. 
Each individual lens of the micro lens array corresponds 
to a single fiber 4 in the optical fiber array 2- The di- 
ameter of each pattern information carrying light beam 8 
5 leaving the optical fiber array 2 is individually demagni- 
fied in this configuration as depicted in FIG 5B. A pro- 
jection lens 7 focuses all the demagnified beams onto the 
corresponding light sensitive elements- when direct pro- 
jection is impossible due to some obstacle/ mirr-oirs can be 
10 used to project the pattern information carrying light 

beams on the light sensitive elements at the desired angle 
of incidence a. 

Another potential problem related to the spot size^ cross 
15 talk between adjacent pattern information carrying light 
beams emitted from the fiber array 2* can be reduced by 
applying several measures. Consider again that the beams 
are projected on an array of modulation means wherein the 
light sensitive surfaces of for instance photodiodes are 
20 all lying within one plane at one side of the array- 

A solution to this cross talk problem is depicted in FIG 
6A- The area between adjacent light sensitive elements is 
covered with a reflective layer 10 • The major part of the 

25 incoming light beam falls on the light sensitive converter 
element H- The part of the light beam that is not falling 
on the element 11 is reflected back into the system, with- 
out affecting any of the adjacent elements- Coating the 
light sensitive elements 11 with an anti-reflective layer 

30 can enhance the light detection efficiency even further- 

Cross talk can alpo be reduced using a diffusive layer 12 
on top of the entire array 3, as shown in FIG 6B- The in- 
coming light is now scattered in all directions. Due to 
35 scattering, the light intensity of the reflected beam 
drops dramatically. 
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Yet another way to reduce the cross talk is to use a fil- 
ter located on top of the light sensitive converter ele- 
ment 11- Examples are a wavelength filter 13 as shown in 
PIG 6C, or a polarization filter. The wavelength filter 13 
5 enhances the selectivity for a certain wavelength. As a 
result, waves coming from adjacent patterned beams with a 
slightly different wavelength are filtered out, A filter 
only transmitting light polarized in a predetermined di- 
rection works has the same effect, 

10 

Yet another possible measure is to make the light sensi- 
tive elements 11 only sensitive for light coming from a 
predetermined direction, for instance by incorporating 
small prisms 14 or gratings 15 in the modulation array 3 
15 as depicted in FIG 6D. Only the light falling on the light 
sensitive element ll at the correct angle and coming from 
the right direction is used in the modulation process. 
Light coming from all other directions is excluded - 

20 Optical wave*quides 

A second possibility to transfer the pattern information 
carrying light beams leaving the optical fiber array 2 
towards the light sensitive elements 11 embedded in the 

25 modulation means is the use of planar optical wave-guides. 
Planar optical wave-guides can be thought of as optical 
fibers embedded into or onto a substrate. Consider again 
the array of modulation means 3, When planar optical wave- 
guides are integrated in this array, a system as schematic 

30 eally shown in PIG 7 is constructed* Bach individual pat- 
tern information carrying light beam Q leaving the optical 
fiber array 2 has to be coupled into the corresponding 
optical wave-guide 16 directly or via an array of lenses 
17 as shown in FIG 7, Bach lens then couples an individual 

35 pattern information carrying light beam B into the en- 
trance point of the corresponding planar optical wave* 
guide 16. The optical wave-guide 16 transports the pattern 
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information carrying light beam 8 through the modulation 
array 3 towards the correct light sensitive element 11- 
The light sensitive element ll converts the pattern infor- 
mation carrying light beam 8 into a sequence of signals, 
which activate or deactivate the modulators 18. Conse- 
quently the incoming beamlet will be controlled according 
to the pattern information. The sequence of signals in 
this embodiment is transported through electric wires 19 
embedded in the modulation array 3 towards the modulators 
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FIG 8 shows a top view of the same configuration as de- 
picted in FIG 7. In this ease two fiber arrays 2 are used 
to control all the modulators 18. However, any number of 
IS arrays 2 is applicable. The light sensitive elements 11 
are represented by squares, the modulators 18 by circles. 
Only two trajectories of pattern information carrying 
light beams 8 are shown for clarity reasons. 



20 o pfcical fibers 

A third possibility for the data transfer from the control 
unit towards light sensitive element 11 is to use optical 
fibers for the entire trajectory. The major problem with 

25 this approach is the connection of the individual fibers 4 
to the structure wherein the modulation means are inte- 
grated. Again imagine than a modulation array 3 is used- 
Connccting the individual fibers 4 to this array 3 may 
give problems when for instance this array 3 is moving for 

30 scanning purposes. Mechanisms like stress and friction are 
introduced in the region of attachment. Eventually the 
connection can break. This can be avoided by combining a 
group of optical fibers 4 to form a fiber ribbon 20. The 
ribbon 20 is then connected at the side of the modulation 

35 array 3 as shown in FIG 9, showing only two ribbons 20. 
Another number of ribbons 20 is also possible. Two exem- 
plary trajectories of optical fibers within the fiber rib- 
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ton are schematically shown with dashed lines. The light 
sensitive elements XI, represented in the figure as 
squares, may be located close to the contact o£ the fiber 
ribbon 30 with the modulation array 3, but they may also 
be located closer to the incoming beamlecs. Preferably the 
optical signals are converted in electric signals. These 
signals are transported through on chip eleccric wires 19 
towards the modulators 18, represented by circles, located 
in close proximity of the corresponding incoming irradi- 
ated beamlets. The drawing only shows a number of the 
modulators present on the modulation array 3. 

EXAMFX>ES 

The next two sections describe two exati©les of maskless 
lithography systems errtbodied by the present Invention. 

Example 1; Masklese electron beam lithography svscem (fig. 
101 

In the maskless electron beam lithography system used in 
this example, the system comprises an aperture plate com- 
prising electrostatic deflectors 21 to deflect incoming 
electron beamlets 22 passing through the apertures 23. 
This plate will be referred to as the beamlet blanker ar- 
ray 24. When the electron beamlets 22 have passed the 
beamlet blanker array 24 they will reach a second aperture 
array (beam stop array) 25 on which their trajectory will 

terminate when they are deflected. 

The modulation concept of this lithography system ie shown 
in FIG 10. Incoming electron beamlets 22 are projected on 
the beamlet blanker array 24, The positions of the elec- 
tron beamlets 22 correspond to the positions of the aper- 
tures 23 in the plate 24, The beamlet blanker plate 24 
comprisQs a deflector element as modulation means. In this 
example said deflector elenvent comprises an electrostatic 
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deflector 21- Depending on the received information the 
deflector 21 located in the beam blanker array 24 will be 
turned on or off. When the deflector 21 is turned on, an 
electric field is established across the aperture 23, 
which results in a deflection of the beamlet 22 passing 
this aperture 23. The deflected electron beamlet 27 will 
then be stopped by the beamlet stop array 25. In this case 
no information will reach the target exposure surface - 
When the deflector 21 is turned off the beamlet will be 
transmitted. Each transmitted beamlet 28 will be focused 
on the target exposure surface. By moving the target expo- 
sure surface and the assembly of arrays relatively to one 
another and by scanning the beamlets with for instance an 
additional beamlet deflector array a pattern can be writ- 
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FIG 11 shows a possible configuration of the usage of free 
space interconnects in this maskless lithography system. 
The pattern information carrying light beams 8 coming out 
20 of and leaving the optical fiber array 2 of the optical 
transmitter are demagnified by two lenses 29, Alterna- 
tively also other oonf igurations as for instance shown in 
FIG S can be used. The pattern information carrying light 
beams 8 are then projected on the beamlet blanker plate 24 
25 with a mirror 30 and a focusing lens 7. The angle of inci- 
dence o ranges from 0 and BO degrees. If « is larger than 
80 degrees or a smaller angle is desired due to other com- 
plications the beamlet blanker plate 24 can be illuminated 
with more than one fiber array 2 as is shown in FIG 12. In 
30 the depicted situation of fig. 12, 4 fiber arrays 2 illu- 
minate the beamlet blanker plate 24- In FIG 12 the 4 cor- 
responding focusing lenses 7 are depicted, focusing the 
pattern information carrying light beams 8 on the respec- 
tive part of the beamlet blanker plate 24. 

35 

fecam pie 2: Maskless optical lithography system (fig. 13) 
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The maskless lithography system in this example comprises 
a spatial light modulator (SLM) 40. Maskless lithography 
systems using an SLM are in a general way disclosed in 
WO0118606. The SLM comprises an array of mirrors, which 
reflect the incoming light beams in such a way that the 
beam eventually la blanked or transmitted. An example of 
such an SLM is a deformable mirror device (DMD) . A DMD is 
controlled in the same way as the electrostatic deflector 
array shown in the first example. The modulation signals 
couple into the system from the back or from the side. 

One configuration is a backside control of the modulation. 
By providing the backside of each mirror with a light: sen- 
sitive element/ the control can be done with the use of 
the same optical carriers as mentioned before. Probably 
the use of free space optical interconnects is the most 
convenient option. 

A schematic drawing of the operation is shown in PIG 13, A 
laser 41 emirs a light beam 42, which is split into a plu- 
rality of beamlets 44 by a beam splitter 43. The plurality 
of beamlets 44 is projected on the SLM 40. Pattern infor- 
mation carrying light beams 46 sent from the control unit 
45 to the SLM 4 0 control the transmission probability of 
beamlets 44 coming from the beam splitter 43. The trans- 
mitted beamlets 47 are focused on the target exposure sur- 
face 49 using lens 48 (which can also be a lens system) . 

By moving the target eaq^osure surface 49 and the rest of 
the system relatively to each other a pattern can be writ- 
ten. 

In fig. 14, an overall side view is shown of a lithography 
system in which the modulation means ends 2 of optical fi- 
bers are projected an modulator array 24 using optical sys- 
tem 54, represented by lenses 54. Modulated light beams 8 
from each optical fiber end are projected on a light sensi- 
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tive element o£ a modulator. In par-ticular, ends of the 
fibers are projected on the modulator array. Each light 
beam 8 holds a part of the pattern data for controlling one 
or more modulators. 

5 

Figure 14 also shows a beam generator 50/ which generates a 
beam 50. Using an opnical system 52, chis beam is shaped 
into a parallel beam. The parallel beam impinges on beam 
splitter 53, resulting in a plurality of substantially par- 
10 allel beamlets 22, directed to modulation array 24. 

Using the modulators in the modulation array 24, beamlets 
27 are deflected away from the optical axis O of the system 
and beamlets 28 pass the modulators undeflected. 

15 

Using a beam stop array 25, the deflected beamlets 27 are 
stopped . 

The beamlets 28 passing stop array 25 are deflected at de- 
20 fleeter array 56 in a first writing direction, and the 
cross section of each beamlet is reduced using projection 
lenses 55. During writing, the target surface 49 moves with 
respect to the rest of the system in a second writing di- 

rection, 

25 

The lithography system furthermore comprises a control unit 
60 comprising data storage 61, a read out unit 62 and data 
converter 63. The control unit is located remote from the 
rest of the system, for instance outside the inner part of 
30 a clean room* Using optical fibers, modulated light beams 
holding pattern data are transmitted to a projector 54 
which projects the ends of the fibers on to the modulation 
aray 24. 

35 It is to be understood that the above description is in- 
cluded to illustrate the operation of the preferred embodi- 
ments and is not meant to limit the scope of the invention. 
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The scope of the invention is to be limited only by the 
following claims. From the above discussion, many varia- 
tions will be apparent to one skilled in the art that would 
yet be enconipassed by the spirit and scope of the present 
5 invention- 



